An optical waveguide is a physical structure that guides electromagnetic waves in the optical spectrum. They are used as components in integrated optical circuits, as the transmission medium in long distances for light wave communications, or for biomedical imaging. We can classify the waveguide according to different methods. According to the structures: planar, strip, or fiber waveguides, mode structure: single-mode, multi-mode, refractive index distribution: step or gradient index and material: glass, polymer, semiconductor. Here we discuss the planar dielectric waveguide specifically from the configuration, waveguide mode, field distribution, dispersion relation and group velocity aspects.
1: Configuration
A light ray can be guided inside the slab by total internal reflection in the zigzag fashion. Only certain reflection angle θ will constructively interfere in the waveguide and hence only certain waves can exist in the waveguide (this will be discussed more in section 2 waveguide modes). Total internal reflection will happen at the boundaries. Then the rays can travel in z direction by bouncing between the slabs surfaces without loss of energy (figure showed in the right of Fig.1 ). And we also assume that all the materials are lossless.
Case 2: θ larger than complement of the critical angle
Total internal reflection can not happen at the boundaries. Then rays will lose a portion of their power at each reflection, and eventually they will vanish. In this paper, we only consider symmetric planar dielectric waveguide, which is the cover and subtract have the same refraction index.
2: Waveguide modes
Because only certain reflection angle θ are allowed. We need self consistency condition to find θ m which can survive in the waveguide, and m means mth mode.
Assumption
The field in the slab is in the form of a monochromatic TEM plane (Electric wave is oscillating perpendicular to incident and reflection plane, here is x direction), and wave bounces in case 1 situation discussed in section of configuration.
The wave vector is K 0, having
Self-consistency condition: the phase shift between the two waves must be 0 or a multiple of 2π A wave should reproduce itself after each round trip, otherwise they will have phase shift not equal to a multiple of 2π. In one round trip, the twice reflected wave lags behind the original wave by a distance NA is the numerical aperture. And the number of mode is increased to the nearest integer. In a dielectric waveguide there is at least one TE mode, since the fundamental mode m=0 is always allowed.
Single mode waveguide: when
, only one mode is allowed. This occurs when the slab is thin enough or the wavelength is sufficiently long. At this situation, there is no cutoff wavelength. But each other mode, higher than 0, has cutoff wavelength.
The condition for single mode operation is that The field distribution of the lowest order TE mode m=0 is similar in shape to that of the Gaussian beam, but guided light does not spread in the transverse direction as it propagates in the axial
